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(57) ABSTRACT 

The present invention relates to an integrated gasi?cation 
and hydroprocessing process. A hydrocarbonaceous fuel is 
?rst gasi?ed to produce syngas, and then a portion of the 
hydrogen is removed from the syngas. The hydrogen is 
compressed and used as an excess reactant in a hydropro 
cessing unit. Hydrogen gas is recovered from the hydropro 
cessing unit product, puri?ed, compressed and recycled to 
the hydroprocessing unit. The hydrogen-poor syngas is 
expanded in an expander that drives the compressor that 
compresses the recycled hydrogen gas. The expanded syn 
gas is then combined With light hydrocarbons removed from 
the recycle hydrogen gas stream, combusted in a gas turbine 
and used for poWer generation. 



Patent Application Publication Mar. 6, 2003 US 2003/0041518 A1 

36 

I 34—> 

2 4 6 



US 2003/0041518 A1 

RECYCLE OF HYDROGEN FROM 
HYDROPROCESSING PURGE GAS 

BACKGROUND OF THE INVENTION 

[0001] The process and advantages of gasifying hydrocar 
bonaceous material into synthesis gas, or syngas, are gen 
erally known in the industry. In high temperature gasi?ca 
tion processes, synthesis gas is commonly produced from 
gaseous combustible fuels, such as natural gas, and solid 
combustible organic fuels, such as coal, residual petroleum, 
Wood, tar sand, shale oil, and municipal, agriculture or 
industrial Waste. The gaseous or solid combustible organic 
fuels are reacted With a reactive oxygen-containing gas, such 
as air, enriched air, or pure oxygen, and a temperature 
modi?er, such as steam, in a gasi?cation reactor to obtain the 
synthesis gas. 

[0002] In a typical gasi?cation process, the synthesis gas 
Will substantially comprise hydrogen (H2), carbon monoxide 
(CO), and lessor quantities of impurities, such as Water 
(H2O), carbon dioxide (CO2), carbonyl sul?de (COS) and 
hydrogen sul?de (HZS). The synthesis gas is commonly 
treated to remove or signi?cantly reduce the quantity of 
impurities, particularly HZS, COS, and CO2 before being 
utiliZed in a doWnstream process. A number of acid gas 
removal systems are commercially available and selection 
Will depend on the degree of sulfur compounds and carbon 
dioxide removal required by the process and the operating 
pressure of the acid gas removal system. 

[0003] The hydrogen can then be harvested from the 
synthesis gas and used as an excess reactant in a hydropro 
cessing unit. Hydroprocessing covers various re?nery opera 
tions, including, but not limited to, catalytic desulfuriZation, 
denitri?cation, hydrotreating to remove other contaminants, 
pretreatment of reformer feedstocks, and hydrocracking to 
break doWn heavy hydrocarbon materials. The remaining 
components of the syngas, primarily carbon monoxide and 
a small portion of hydrogen, can then be consumed in a 
combustion turbine for poWer production. 

[0004] The hydrocracking unit is the most versatile of 
re?nery conversion units. It can process a Wide range of 
feedstocks from naphtha to asphalt to yield any desired 
product With a molecular Weight loWer than that of the 
feedstock. Hydrotreating is the most Widely used catalytic 
re?nery process and can treat feedstocks from the lightest 
naphthas to the heaviest vacuum resids. It is used primarily 
to remove undesired impurities, such as sulfur containing 
compounds, from the feedstocks. Both hydrocracking and 
hydrotreating utiliZe hydrogen as a reactant. Catalytic crack 
ing is similar to hydrocracking, except that no hydrogen is 
used. In each process, a catalyst is used Which can become 
deactivated by any metal or solid impurities found in the 
feedstock, as Well as by any coke produced in the process. 

[0005] Because the hydrogen is usually fed to the hydro 
processing unit in excess, hydrogen is present in the product 
stream of the unit. It is desirable to recover this hydrogen for 
recycle back to the inlet of the hydroprocessing unit. Due to 
pressure reductions in the hydrogen during processing, 
though, the hydrogen needs to be compressed for recycle 
back to the hydroprocessing unit. Thus, it Would be desirable 
to develop an economical process to boost the hydrogen 
pressure for use as a recycle stream. 
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SUMMARY OF THE INVENTION 

[0006] The present invention relates to an integrated gas 
i?cation and hydroprocessing process. Ahydrocarbonaceous 
fuel is ?rst gasi?ed to produce syngas. The syngas is puri?ed 
to remove impurities, most commonly hydrogen sul?de, and 
then a portion of the hydrogen is removed from the syngas. 
This can be done my any means knoWn to remove hydrogen 
sul?de gas from a hydrogen gas containing stream, but is 
preferably accomplished using membrane separation or a 
pressure sWing adsorption unit. 

[0007] The recovered hydrogen is compressed and used as 
an excess reactant in a hydroprocessing process, including, 
but not limited to, desulfuriZation, denitri?cation, 
hydrotreating to remove other contaminants, and hydroc 
racking. Because excess hydrogen is used in the hydropro 
cessing process, hydrogen gas can be recovered from the 
hydroprocessing unit product. This hydrogen gas, Which 
usually contains light hydrocarbon gasses, is puri?ed to 
remove any contaminants, and compressed for recycle back 
to the hydroprocessing unit. The light hydrocarbons are 
removed from the recycle hydrogen stream prior to the 
hydrogen is introduced back into the hydroprocessing unit. 

[0008] The hydrogen-poor syngas is expanded in an 
expander that drives the compressor that compresses the 
recycled hydrogen gas, thereby maximiZing the efficiency of 
the process. The expanded syngas is then combined With 
light hydrocarbons removed from the recycle hydrogen gas 
stream, and combusted in a gas turbine for poWer genera 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates a preferred embodiment of the 
present invention. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0010] In the instant invention, carbonaceous fuel is ?rst 
obtained and prepared for feeding to a gasi?cation reactor. 
Carbonaceous fuel is any solid, liquid, or gaseous combus 
tible organic material that can be used as feedstock to a 
gasi?cation process for produce synthesis gas production. 
The feedstock for a gasi?cation process is usually a hydro 
carbonaceous material, that is, one or more materials, gen 
erally organic, Which provide a source of hydrogen and 
carbon for the gasi?cation reaction. The hydrocarbonaceous 
material can be in a gaseous, liquid or solid state, or in a 
combination as desired, for example, a solid-liquid compo 
sition in a ?uidiZed state. 

[0011] The feed preparation step may not be necessary, 
given the composition and physical nature of the feedstock. 
Generally, solid carbonaceous fuels Will need to be lique?ed 
With oil or Water prior to feeding to the gasi?er. Liquid and 
gaseous carbonaceous fuels may be suitable for direct feed 
to the gasi?er, but can be pre-treated for removal of any 
impurities that might be present in the feed. 

[0012] The term liquid hydrocarbonaceous fuel as used 
herein to describe various suitable feedstocks is intended to 
include pumpable liquid hydrocarbon materials and pump 
able liquid slurries of solid carbonaceous materials, and 
mixtures thereof. For example, pumpable aqueous slurries of 
solid carbonaceous fuels are suitable feedstocks. In fact, 
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substantially any combustible carbon-containing liquid 
organic material, or slurries thereof may be included Within 
the de?nition of the term “liquid hydrocarbonaceous.” For 
example, there are: 

[0013] (1) pumpable slurries of solid carbonaceous 
fuels, such as coal, particulate carbon, petroleum 
coke, concentrated seWer sludge, and mixtures 
thereof, in a vaporiZable liquid carrier, such as Water, 
liquid CO2, liquid hydrocarbon fuel, and mixtures 
thereof; 

[0014] (2) suitable liquid hydrocarbon fuel feed 
stocks to the gasi?er, is intended to include various 
materials, such as lique?ed petroleum gas, petroleum 
distillates and residua, gasoline, naphtha, kerosene, 
crude petroleum, asphalt, gas oil, residual oil, tar 
sand oil and shale oil, coal derived oil, aromatic 
hydrocarbons (such as benZene, toluene, xylene frac 
tions), coal tar, cycle gas oil from ?uid-catalytic 
cracking operations, furfural extract of coker gas oil, 
and mixtures thereof, 

[0015] (3) also included Within the de?nition of the 
term liquid hydrocarbonaceous are oxygenated 
hydrocarbonaceous organic materials including car 
bohydrates, cellulosic materials, aldehydes, organic 
acids, alcohols, ketones, oxygenated fuel oil, Waste 
liquids and by-products from chemical processes 
containing oxygenated hydrocarbonaceous organic 
materials, and mixtures thereof. 

[0016] Gaseous hydrocarbonaceous fuels that may be 
burned in the partial oxidation gasi?er alone or along With 
the liquid hydrocarbonaceous fuel includes vaporiZed liquid 
natural gas, re?nery off-gas, Cl-C4 hydrocarbonaceous 
gases, and Waste carbon-containing gases from chemical 
processes. 

[0017] After the feed preparation step, if used, the car 
bonaceous fuel is sent to a gasi?cation reactor, or gasi?er. In 
the gasi?er, the carbonaceous fuel is reacted With a reactive 
free oxygen-containing gas. The term free-oxygen contain 
ing gas as used herein means air, oxygen-enriched air i.e. 
greater than 21 mole % O2, and substantially pure oxygen, 
i.e. greater than about 95% mole oxygen (the remainder 
usually comprising N2 and rare gases). Substantially pure 
oxygen is preferred, such as that that is produced by an air 
separation unit (ASU). The partial oxidation of the hydro 
carbonaceous material is completed, advantageously in the 
presence of a temperature control moderator such as steam, 
in a gasi?cation Zone to obtain hot synthesis gas, or syngas. 
Syngas and synthesis gas can and are used interchangeably 
throughout this speci?cation. 

[0018] The need for a temperature moderator to control 
the temperature in the reaction Zone of the gas generator 
depends in general on the carbon-to-hydrogen ratios of the 
feedstock and the oxygen content of the oxidant stream. A 
temperature moderator is commonly used With liquid hydro 
carbon fuels With substantially pure oxygen. Water or steam 
is the preferred temperature moderator. Steam may be intro 
duced as a temperature moderator in admixture With either 
or both reactant streams. Alternatively, the temperature 
moderator may be introduced into the reaction Zone of the 
gas generator by Way of a separate conduit in the feed 
injector. Other temperature moderators include CO2 -rich 
gas, nitrogen, and recycled synthesis gas. 
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[0019] A gasi?cation reactor generally comprises a reac 
tion Zone, made up of a vertical cylindrically shaped steel 
pressure vessel lined With refractory, and a quench drum, 
such as shoWn in US. Pat. No. 2,809,104, Which is incor 
porated herein by reference. A feed injector, such as shoWn 
in US. Pat. No. 2,928,460, Which is incorporated herein by 
reference, may be used to introduce the feed streams into the 
reaction Zone. In the reaction Zone of a gasi?er, the contents 
Will commonly reach temperatures in the range of about 
1,700° F. (9270 C.) to 3,000° F. (1649° C.), and more 
typically in the range of about 2,000° F. (1093° C.) to 2,800° 
F. (1538° C.). Pressure Will typically be in the range of about 
1 psi (101 kPa) to about 3675 psi (25,331 kPa), and more 
typically in the range of about 200 psi (1378 kPa) to about 
2000 psi (13,782 kPa), and even more typically in the range 
of about 800 psi (5513 kPa) to about 1200 psi (8269 kPa). 
See Us. Pat. No. 3,945,942 describing a partial oxidation 
feed injector assembly. See US. Pat. No. 5,656,044 describ 
ing a method and an apparatus for the gasi?cation of organic 
materials. See also US. Pat. Nos. 5,435,940, 4,851,013, and 
4,159,238 describing a feW of the many gasi?cation pro 
cesses knoWn in the prior art. The entire disclosures of the 
above referenced patents are hereby incorporated by refer 
ence and relied upon. 

[0020] The hot gasi?cation process product synthesis gas, 
or syngas, comprises carbon monoxide and hydrogen. Other 
materials often found in the synthesis gas include hydrogen 
sul?de, carbon dioxide, ammonia, cyanides, and particulates 
in the form of carbon and trace metals. The extent of the 
contaminants in the feed is determined by the type of feed 
and the particular gasi?cation process utiliZed as Well as the 
operating conditions. In any event, the removal of these 
contaminants is preferable to make gasi?cation a viable 
process, and acid gas (e.g. CO2 and H25) removal is very 
advantageous. 

[0021] As the synthesis gas is discharged from the gasi?er, 
it passes into the gasi?cation quench chamber for cleaning. 
The turbulent condition in the quench drum, caused by large 
volumes of gases bubbling up through the Water helps the 
Water to scrub much of the solids from the effluent gas. 
Large quantities of steam are generated Within the quench 
vessel and saturate the syngas stream. The stream of raW gas 
is cooled in the quench chamber and leaves at a temperature 
in the range of about 350° F. to 600° F. (about 175° C. to 
315° C.), such as about 450° F. to 550° F. (about 230° C. to 
290° C.), and a pressure in the range of about 500 to 2500 
psia, such as about 1000 psia. Advantageously, fresh quench 
Water is a mixture of make-up Water and condensate pro 
duced subsequently in the process. 

[0022] After being discharged from the gasi?er, the syn 
thesis gas can be sent to an acid gas removal unit so that the 
impurities in the syngas can be removed. The acid gas 
removal facilities for the synthesis gas, usually employing 
amine or physical solvents, removes the acid gases, particu 
larly hydrogen sul?de, from the mixed synthesis gas/purge 
gas stream. The acid gas removal facilities typically operate 
at loW temperatures. After the synthesis gas is cooled to 
beloW about 265° F. (130° C.), preferably beloW about 195° 
F. (90° C.), the contaminants in the gas, especially sulfur 
compounds and acid gases, can be readily removed. The 
synthesis gas is contacted With the solvent in an acid gas 
removal contactor. The contactor may be of any type knoWn 
to the art, including trays or a packed column. Operation of 
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such an acid removal contactor is known in the art. Hydro 
gen sul?de from the acid gas removal unit is usually routed 
to a sulfur recovery process, With any recovered carbon 
dioxide being vented to the atmosphere. 

[0023] After being processed in the acid gas removal step, 
the syngas is sent to an hydrogen puri?cation step, prefer 
ably made up of a membrane and/or pressure sWing adsorp 
tion (PSA) unit for H2 puri?cation and production. The 
synthesis gas can be separated With a gas separation mem 
brane into a hydrogen-rich gas and a hydrogen-depleted gas. 
A gas separation membrane system alloWs small molecules 
like hydrogen to selectively pass through the membrane 
(permeate) While the larger molecules (CO2, CO) do not 
pass through the membrane (no-permeate). 

[0024] The gas separation membrane can be of any type 
Which is preferential for permeation of hydrogen gas over 
carbon dioxide and carbon monoxide. Many types of mem 
brane materials are knoWn in the art Which are highly 
preferential for diffusion of hydrogen compared to nitrogen, 
carbon monoxide and carbon dioxide. Such membrane 
materials include: silicon rubber, butyl rubber, polycarbon 
ate, poly(phenylene oxide), nylon 6,6, polystyrenes, polysul 
fones, polyamides, polyimides, polyethers, polyarylene 
oxides, polyurethanes, polyesters, and the like. The gas 
separation membrane units may be of any conventional 
construction, and a holloW ?ber type construction is pre 
ferred. 

[0025] The synthesis gas or mixed gas stream enters the 
membrane at high pressure, typically betWeen about 800 psi 
(5,515 kPa) and about 1600 psi (11,030 kPa), more typically 
betWeen about 800 psi (5,515 kPa) and about 1200 psi 
(8,273 kPa). The gas temperature is typically betWeen about 
50° F. (10° C.) to about 212° F. (100° C.), more typically 
betWeen about 68° F. (20° C.) and about 122° F. (50° C.). 
The gas separation membrane alloWs small molecules like 
hydrogen to pass through (permeate) While the larger mol 
ecule (CO2, CO) do not pass through (non-permeate). The 
permeate experiences a substantial pressure drop of betWeen 
about 500 psi (3,447 kPa) to about 700 psi (4,826 kPa) as it 
passes through the membrane. The hydrogen-rich permeate 
is therefore typically at a pressure of from about 100 psi (689 
kPa) to about 700 psi (4826 kPa), more typically betWeen 
about 300 psi (2,068 kPa) to about 600 psi (4,136 kPa). The 
hydrogen rich permeate may contain betWeen about 95 to 
about 97 mole percent hydrogen gas. 

[0026] An alternative means for effecting the puri?cation 
is a Pressure SWing Adsorption (PSA) unit Which removes 
the impurities from the raW stream by use of a pressure 
change on the adsorbent beds. In conventional processes, the 
raW syngas stream Would typically undergo treatment With 
an amine solution, folloWed by a methanation process, 
folloWed by a copper liquor Washing process and, ?nally, 
folloWed by a molecular sieve dryer process. 

[0027] While the preferred means for effecting the puri 
?cation of the raW effluent stream is by Way of the mem 
brane and/or PSA unit, it is to be understood that conven 
tional means for purifying the raW H2 stream can be 
employed, if desired, in the process of the present invention. 
The hydrogen puri?cation step usually causes a reduction in 
the pressure of the hydrogen-enriched stream, so it usually 
has to be compressed prior to use in the hydroprocessing 
unit, typically to a pressure of about 1000 psi (6900 kPa) to 
about 2000 psi (13800 kPa). 
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[0028] The non-permate hydrogen-poor syngas stream 
from the ?rst hydrogen separation unit can then be utiliZed 
for poWer generation. Preferably an expander/compressor 
combination unit may be used to simultaneously increase the 
pressure of a recycle hydrogen stream, discussed beloW, and 
to reduce the pressure of the hydrogen-poor syngas going to 
the combustion turbine. The hydrogen-poor syngas is com 
bined With a hydrocarbon stream from a second hydrogen 
puri?cation step on a recycle hydrogen stream, discussed 
beloW, the combination is then combusted, and the com 
busted gas is expanded to produce poWer by an electric 
generator driven by an expansion turbine. The heating value 
and the composition of the hydrogen-poor syngas stream is 
an important consideration When using it as fuel for poWer 
production. Thus, additional fuel, such as natural gas, may 
need to be added to the hydrogen-poor syngas stream to 
increase the heating value of the combustor feed stream. As 
stated, hydrogen-poor syngas stream is combined With 
hydrocarbons from a second hydrogen puri?cation step, 
discussed beloW, Which may supply suf?cient additional 
heating value to the hydrogen-poor syngas stream. 

[0029] The hydrogen rich permeate from the ?rst hydro 
gen puri?cation step is then used for hydroprocessing, for 
example, hydrotreating or hydrocracking, a hydrocarbon 
stream. Hydroprocessing covers various re?nery operations, 
including, but not limited to, catalytic desulfuriZation, deni 
tri?cation, hydrotreating to remove other contaminants, pre 
treatment of reformer feedstocks, and hydrocracking to 
break doWn heavy hydrocarbon materials. 

[0030] Hydrogen serves several important functions in 
hydroprocessing. For example, hydrogen reacts With mer 
captans, disul?des, benZothiophenes and the like to form 
hydrogen sul?de, thereby desulfuriZing the feedstock. 
Hydrogen reacts With quinoline and other nitrogen com 
pounds to form ammonia. Hydrogen facilitates the cracking 
of polycyclic aromatics. Finally, operating in a hydrogen 
rich environment reduces the formation of tar and coke, 
prolonging catalyst life and increasing reactor cycle time. 

[0031] The hydrogen demands of a reactor vary, depend 
ing on the speci?cs of the operation being performed, and 
may be as loW as 200 scf/bbl or less for desulfuriZation of 
naphtha or virgin light distillates, 500-1,000 scf/bbl for 
treating atmospheric resid, upWards of 1,000 scf/bbl for 
treatment of vacuum resid, and as high as 5,000-10,000 
scf/bbl for hydrocracking. Thus, the hydrogen demand of the 
hydroprocessing unit is an important consideration When 
processing the syngas in the ?rst hydrogen puri?cation step. 
It is Within the contemplation of the present invention that 
only a portion of the syngas be sent to the ?rst hydrogen 
puri?cation step, With the balance bypassing that step and 
being recombined With the non-permeate prior to being 
expanded. 

[0032] Modern re?neries often carry out treating and 
cracking operations together, such as in multi-stage reactors, 
Where the ?rst stage predominantly converts sulfur com 
pounds and the second stage predominantly performs the 
cracking step. In conventional hydroprocessing, fresh feed is 
mixed With hydrogen and recycle gas and fed to the reactors, 
Where the desired reactions take place in the presence of a 
suitable catalyst. As a result, light components that can be 
formed include methane, ethane, other light hydrocarbons, 
hydrogen sul?de and ammonia. The reactor effluent is 
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passed to a ?rst separation section, Where the effluent is 
maintained at high pressure, but reduced in temperature, 
usually in at least tWo or three stages. At least a portion of 
the resulting overhead vapor, Which typically contains 80% 
hydrogen or more, is recirculated to the hydroprocessing 
reactors as a hydrogen recycle stream. The liquids from the 
?rst phase-separation section are passed to a second phase 
separation section, Where the pressure is loWered, thereby 
?ashing off a light hydrocarbon stream, Which is typically 
sent to the fuel gas line. The liquids from the separators are 
sent for fractionation, or to another destination as appropri 
ate. 

[0033] The hydrogen recycle stream usually contains gas 
eous hydrocarbons and impurities, most likely hydrogen 
sul?de. It is preferable that these impurities be removed 
prior to recycling the hydrogen stream back to the hydro 
processing unit. Thus, an adsorption column can be added to 
the acid gas removal facility described above for this pur 
pose. The hydrogen recycle stream can be routed to this 
column, Where hydrogen sul?de is removed from the hydro 
gen recycle stream by counter current contact With a solvent 
that selective removes hydrogen sul?de. Such solvents are 
knoWn in the art. The column may be of any type knoWn to 
the art, including trays or a packed column. Operation of 
such an acid removal contactor is knoWn in the art. Hydro 
gen sul?de from the acid gas removal unit is usually routed 
to a sulfur recovery process, preferably the same sulfur 
recovery process utiliZed in the puri?cation of the syngas. 

[0034] A sWeetened hydrogen recycle stream exits the 
column, and is available for further processing prior to being 
recycled to the hydroprocessing unit. 

[0035] Due to pressure losses in the hydroprocessing unit, 
the hydrogen recycle stream Will need to be compressed. 
Instead of using poWer or steam to drive a compressor, the 
compression is preferably done in a combined compressor/ 
expander unit on a single shaft on a common skid. In this 
combined compressor/expander unit, the hydrogen recycle 
stream is compressed using energy from the expansion of the 
aforementioned hydrogen-poor syngas stream. The pressure 
of the hydrogen-poor syngas stream is loWered by in an 
expander, and the poWer generated therefrom can be used to 
compress the hydrogen recycle stream. The compressor 
discharge pressure should be set suf?ciently high to alloW 
for pressure drop in the subsequent second hydrogen puri 
?cation step and other system losses so that the hydrogen 
recycle stream can be reintroduced into the hydroprocessing 
unit. 

[0036] After being compressed, the hydrocarbon contain 
ing hydrogen stream is processed in a second hydrogen 
puri?cation step so as to remove the hydrocarbons from the 
stream. This is preferably done in a membrane system or 
PSA unit as described above. Alternatively, a hydrocarbon 
selective membrane can be used to reduce the concentration 
of hydrocarbons and contaminants in the hydrogen stream 
that is recycled to the hydroprocessing reactor, as is shoWn 
and described in Us. Pat. No. 6,190,540 to LokhandWala, et 
al. The hydrogen rich product from the second hydrogen 
puri?cation step is then combined With the hydrogen from 
the ?rst hydrogen puri?cation step and sent to the hydro 
propcessing unit. 

[0037] It has been found that the hydrocarbons rejected 
from the second hydrocarbon puri?cation step make a good 
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fuel for combustion turbines. The pressure of the hydrocar 
bon stream should remain high enough to be combined With 
the expanded hydrogen-poor syngas stream prior to its 
introduction into the combustor of the gas turbine. 

[0038] Frequently, the combustor feed stream is mixed 
With a diluent gas, such as nitrogen gas or Water vapor, and 
then fed to the combustor of a gas turbine for poWer 
production. The mass How of the diluent gas, preferably 
nitrogen, helps to increase the poWer generation and reduce 
NOx gasses produced by the combustion of the syngas in the 
gas turbine combustor. Due to the introduction of saturated 
N2 and saturated fuel gas, the concentration of oxides of 
nitrogen (NOX) in the exhaust gas is substantially nil, beloW 
20 ppm (vol) on dry 15% 02 basis. 

[0039] Air is also commonly added to the combustor feed 
stream. The air is compressed by means of a turbocompres 
sor that is driven by the coaxial expansion turbine Which 
along With the combustor are the principal parts of the gas 
turbine. The compressed air enters the combustor at a 
temperature in the range of about 400° F. to 850° F. (about 
425° C. to 455° C.) and at substantially the same pressure as 
the hydrogen-poor syngas/hydrocarbon mixture and 
optional diluent gas. Aportion of the compressed air can also 
provide feed air to an air separation unit (ASU) that provides 
oxygen to the gasi?cation step and nitrogen as diluent to the 
gas turbine. 

[0040] An ASU is used to separate air into separate 
streams of substantially pure oxygen gas and nitrogen gas. 
A portion or all of the nitrogen gas is saturated With Water, 
superheated, and introduced into the combustor of a gas 
turbine along With the stream of hydrogen-poor syngas/ 
hydrocarbon mixture and optional fuel gas. The stream of 
oxygen gas from the ASU is usually introduced into the 
reaction Zone of the gasi?er by Way of one passage in an 
annulus-type feed injector. 

[0041] The hot exhaust gas leaving the expansion turbine 
portion of the gas is passed through a conventional heat 
recovery steam generator (HRSG) prior to being discharged 
to the atmosphere. Steam for operating a conventional steam 
turbine comprising a high pressure expansion turbine in 
tandem With a coaxial intermediate expansion turbine, and 
steam for process needs, is produced in the HRSG. For 
example, superheated high pressure steam from the HRSG 
can be introduced into a high pressure expansion turbine 
(HPT) for poWer production. Intermediate pressure exhaust 
steam leaves the HPT and can also be superheated in the 
HRSG, and introduced into an intermediate pressure expan 
sion turbine (IPT) to produce additional poWer. PoWer 
production using steam is very similar to poWer production 
using combusted gas. The steam is expanded through expan 
sion turbines to drive electric generators for the production 
of electricity. Aportion of the produced steam could be used 
as the temperature moderator in the gasi?cation unit, or to 
superheat the hydrogen-poor syngas/hydrocarbon mixture/ 
diluent feed stream to the gas turbine. The balance of the 
steam, preferably as much steam as possible, is used in the 
steam turbines for poWer production. 

[0042] Referring noW to FIG. 1, hydrocarbonaceous fuel 
2, free-oxygen containing gas 4, and a temperature modera 
tor 6 are all fed to gasi?cation reactor 8, producing syngas 
10. Syngas 10 is then processed in an acid gas removal unit 
12, Where hydrogen sul?de 14 is removed from the syngas 
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10 and usually sent to a sulfur recovery unit. The sweet 
syngas 16 is then processed in a ?rst hydrogen puri?cation 
unit 18. This unit can be any such unit known in the art, but 
is preferably a membrane unit or a pressure sWing adsorp 
tion unit. The hydrogen 20 is compressed in compressor 22, 
and compressed hydrogen 24 is sent to the hydroprocessing 
unit 26. The hydroprocessing unit can be any knoWn in the 
art, and is used for such things as desulfuriZation, denitri 
?cation, hydrotreating and hydrocracking operations. A sour 
hydrocarbon feed 28 is usually fed to the hydroprocessing 
unit 26, and a sWeetened feed 30 product is recovered. 

[0043] Because hydrogen is fed to the hydroprocessing 
unit 26 in excess, the gas stream 32 removed from the unit 
26 usually comprises mostly hydrogen, With some light 
hydrocarbons and impurities present as Well. It is desirable 
to recycle this stream back to the hydroprocessing unit. The 
recycle stream 32 is thus puri?ed in a second acid gas 
removal unit 34, Where impurties, again usually hydrogen 
sul?de 36, are removed. The sWeet hydrogen recycle stream 
38 is then compressed in compressor 40 so as to increase the 
pressure of the stream so the hydrogen can be recycled back 
to the hydroprocessing unit 26. The compressed hydrogen 
recycle stream 42 is processed in a second hydrogen puri 
?cation step 44, preferably in a membrane unit or a pressure 
sWing adsorption unit, Where the hydrocarbons 48 are 
removed from the hydrogen recycle stream 42. The puri?ed 
hydrogen 46 is then combined With the hydrogen 24 from 
the ?rst hydrogen puri?cation unit 18 and fed to the hydro 
processing reactor 26. 

[0044] The hydrogen-poor syngas 50 from the ?rst hydro 
gen puri?cation unit 18 is usually at a high pressure. This 
excess pressure is not necessary for processing in the 
combustor of a doWnstream gas turbine, so it is desirable to 
reduce that pressure. It is preferred that the hydrogen-poor 
syngas 50 is expanded in expander 52, Which provides 
poWer to drive shaft 54 and provide poWer to compressor 40 
to compress the hydrogen recycle stream 38. The hydrocar 
bons 48 removed from the compressed hydrogen recycle 
stream 42 in hydrogen puri?cation step 44 are combined 
With the expanded syngas 56, and are sent in combination to 
a gas turbine via line 58 for poWer production. 

[0045] The above illustrative embodiments are intended to 
serve as simpli?ed schematic diagrams of potential embodi 
ments of the present invention. One of ordinary skill in the 
art of chemical engineering should understand and appreci 
ate that speci?c details of any particular embodiment may be 
different and Will depend upon the location and needs of the 
system under consideration. All such layouts, schematic 
alternatives, and embodiments capable of achieving the 
present invention are considered to be Within the capabilities 
of a person having skill in the art and thus Within the scope 
of the present invention. 

[0046] While the apparatus, compounds and methods of 
this invention have been described in terms of preferred 
embodiments, it Will be apparent to those of skill in the art 
that variations may be applied to the process described 
herein Without departing from the concept and scope of the 
invention. All such similar substitutes and modi?cations 
apparent to those skilled in the art are deemed to be Within 
the scope and concept of the invention. 
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What is claimed is: 
1. An integrated gasi?cation and hydroprocessing process 

comprising: 
reacting a hydrocarbonaceous fuel With a free oxygen 

containing gas to produce syngas comprising hydro 
gen; 

removing a portion of the hydrogen from the syngas; 

expanding the syngas in an expander; 

processing the hydrogen and make-up hydrogen in a 
hydroprocessing unit, producing a hydroprocessing 
unit gas product comprising purge hydrogen and purge 
hydrocarbons; 

compressing the hydroprocessing unit gas product in a 
compressor, Wherein the compressor is driven by poWer 
generated from the expander; 

separating the purge hydrogen from the purge hydrocar 
bons in the hydroprocessing unit gas product; and 

supplying the purge hydrogen as the make-up hydrogen to 
the hydroprocessing unit. 

2. The process of claim 1 further comprising purifying the 
syngas prior to removing a portion of the hydrogen from the 
syngas. 

3. The process of claim 2, Wherein the puri?cation of the 
syngas comprises removing hydrogen sul?de from the syn 
gas. 

4. The process of claim 1, Wherein the hydrogen is 
removed from the syngas using a pressure sWing adsorption 
unit. 

5. The process of claim 1, Wherein the hydrogen is 
removed from the syngas using membrane separation. 

6. The process of claim 1, Wherein the hydrogen is 
compressed prior to being processed in the hydroprocessing 
unit. 

7. The process of claim 1 further comprising purifying the 
hydroprocessing unit gas product prior to compressing the 
hydroprocessing unit gas product in the compressor. 

8. The process of claim 7, Wherein the puri?cation of the 
hydroprocessing unit gas product comprises removing 
hydrogen sul?de from the purge gas. 

9. The process of claim 8, Wherein the hydrogen sul?de is 
removed from the hydroprocessing unit gas product by 
counter current contact With a solvent that selectively 
removes hydrogen sul?de. 

10. The process of claim 1, Wherein the purge hydrogen 
is separated from the purge hydrocarbons in the hydropro 
cessing unit gas product using a pressure sWing adsorption 
unit. 

11. The process of claim 1, Wherein the purge hydrogen 
is separated from the purge hydrocarbons in the hydropro 
cessing unit gas product using membrane separation. 

12. The process of claim 1 further comprising processing 
the expanded syngas in a gas turbine to produce poWer. 

13. The process of claim 1 further comprising processing 
the purge hydrocarbons in the gas turbine to produce poWer. 

14. The process of claim 1, Wherein the hydroprocessing 
unit is selected from the group consisting of a hydrodes 
ulfuriZation unit, a denitri?cation unit, and a hydrocracking 
unit. 


